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The N-terminal vinculin-homology 1 (VH1) domain of a-catenin facilitates two exclusive forms, a
monomeric form directly bound to b-catenin for linking E-cadherin to F-actin or a homodimer
for the inhibition of b-catenin binding. Competition of these two forms is affected by 80
N-terminal residues, whose structure is poorly understood. We have determined the structure of
the monomeric free form of the aN-catenin VH1 domain and revealed that the N-terminal residues
form a1 and a2 helices to complete formation of the N-terminal four-helix bundle. Dynamic confor-
mational changes of these two helices control formation of the b-catenin-bound monomer or
unbound homodimer.
 2015 The Authors. Published by Elsevier B.V. on behalf of the Federation of European Biochemical
Societies. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).1. Introduction
The cytoskeletal protein a-catenin plays a key role in establish-
ing and maintaining adherens junctions (AJs) [1–3]. At the cyto-
plasmic side of AJs, E-cadherin binds b-catenin and b-catenin
binds a-catenin that binds actin ﬁlaments (F-actin) [4–6].
a-Catenin contains three conserved vinculin-homology regions,
referred to as VH1, VH2 and VH3 [7] (Fig. 1a). As found in the vin-
culin structures, which consist of a-helix bundles A–H [8,9], recent
X-ray studies have shown that near full-length a-catenin in the
dimeric form comprises multiple helix bundles [10,11]. However,
these studies failed to provide details of the intra-molecular inter-
actions for a complete understanding of a-catenin function due to
the limited resolution (3.7 Å or 6.5 Å). The N-terminal VH1 domain
of a-catenin, which is also referred to as the N-terminal (N) or
dimerization domain (DD), encompasses the VH1 region to form
two a-helix bundles, A and B, and mediates homo-dimerization
or hetero-dimerization by binding to b-catenin, exclusively[10–12] (Fig. 1a). In the homodimeric form, N-terminal helix bun-
dle A contains only two a-helices that form an intermolecular
four-helix bundle with the other a-catenin protomer for dimeriza-
tion. In the b-catenin-bound form, however, the N-terminal bundle
contains three a-helices to complete formation of a four-helix bun-
dle with an a-helix from b-catenin. Thus, the N-terminal VH1
domain plays a pivotal role in the functional switch of a-catenin.
Furthermore, recent studies have shown an important role of the
VH1 domain in interactions with non-cytoskeletal proteins such
as LIM domain-containing protein Ajuba [13], ERM protein merlin
[14] and Hippo signaling protein Yap/14-3-3 [15]. Interestingly,
a-catenin possesses a conformationally ﬂexible N-terminal region
comprising 80 residues, and removal of these residues stabilizes
the homodimer. Since the monomer, unlike the dimer, binds
b-catenin, the nature of the N-terminal residues is critical for
establishing molecular switch functionality. Unfortunately, the
ﬂexible N-terminal 80 residues were artiﬁcially truncated for
crystallization in the reported structures [10,12] or were not
observed in the low resolution structure [11]. A recently reported
structure at 2.8 Å resolution of an N-terminal 17-residue truncated
VH1 domain of aN-catenin bound to a b-catenin fragment, here-
after referred to as the aN-b catenin complex, revealed that the
N-terminal four-helix bundle contains one short extra a-helix
(aN-catenin residues 21–36), which stabilizes b-catenin binding
[16], implying a veiled function of the N-terminal residues.
However, there is no crystal structure of the monomeric free form
of the VH1 domain, which is preventing a complete understanding
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Fig. 1. Structure of the monomeric VH1 domain of aN-catenin. (a) Domain organization of a-catenin and vinculin. Four regions of a-catenin correspond to six out of eight
helix bundles (A–H) of vinculin, which comprises ﬁve domains (D1–D5). The residue numbering for aE-catenin is given. M-fragment encompasses helix bundles F and G. (b)
The overall structure of the VH1 domain of aN-catenin of the present study is represented as a ribbon model. Two helix bundles, A and B, are formed with N-terminal a1 helix
(cyan), a2 helix (magenta) and ﬁve other helices (blue). Three helix kinks (a1, a5 and a6 helices) are indicated by arrows with the residue at the kink. Seventeen N-terminal
residues (residue numbers 1–17) and 12 residues (residues 42–53 as represented by dotted lines) forming a1–a2 loop and the last C-terminal residue (261) are missing in the
current model. (c) The contact sites between helix bundles A and B. a1 helix contacts helix bundle B with bifurcated hydrogen bonds between Thr23 and Glu196 of a5 helix
and a main chain–main chain hydrogen bond. Salt bridges formed between Arg193 (from a5 helix) and Asp142 and Asp145 (from a4 helix) also stabilize the bundle
orientation. Hydrogen bonds are indicated with dotted lines. (d) Helix bundling of a1 helix with the rest of helix bundle A is shown as a transparency surface representation
and ribbon model. At the interface of the nonpolar residues (side chains as stick models) a1 helix is docked into the hydrophobic groove formed between a2 and a4 helices.
The side chain of Ile19 at the N-terminal end of a1 helix makes nonpolar contacts with Leu138 and Ile139 from a4 helix.
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of the VH1 domain of aN-catenin in the free form and reveal the
complete four-helix bundle structure with two a-helices (a1 and
a2) formed by the N-terminal residues. We identiﬁed key residues
stabilizing this helix association with the rest of the helix bundle.
2. Materials and methods
2.1. Protein preparation
Each pET-47b [+] vector (Novagen) carrying a DNA fragment
encoding mouse aN-catenin (1–261) or aE-catenin (1–263) was
transformed into Escherichia coli strain BL21Star (DE3)
(Invitrogen) cells for protein expression. Protein expression was
performed at 20 C in Luria–Bertani medium containing 0.1 mM
isopropyl-b-D-thiogalactopyranoside. The proteins were puriﬁed
using a Ni-NTA resin (Qiagen), cation-exchange (HiTrap SP HP,
GE Healthcare) and gel ﬁltration (Superdex 75 pg, GE Healthcare)
chromatography at 4 C. The monomeric and dimeric forms were
separated using size-exclusion chromatography (SEC). In our SEC
experiments, aN-catenin VH1 domain (1–261) gave a dominant
peak (80–90%) for the monomer with a small peak (10–20%) for
the dimer, while aE-catenin VH1 domain gave a smaller peak
(35%) for the monomer with a larger peak (65%) for the dimer.
The puriﬁed proteins were veriﬁed using matrix-assisted laserdesorption/ionization time-of-ﬂight mass spectroscopy (MALDI–
TOF MS; Bruker Daltonics).
2.2. Crystallization, data collection and structure determination
Crystallization screening was performed at 4 C utilizing HYDRA
II (Art Robbins) or Mosquito LCP (TTP Labtech) with commercial
crystallization screening kits. The best crystals of aN-catenin (1–
261) were generated from a solution obtained by mixing 1.0 ll
protein solution (20.8 mg/ml, 0.7 mM protein) and 1.0 ll precipi-
tant solution containing 0.1 M Bis–Tris propane (pH 6.5), 0.2 M
NaI and 19–21% (w/v) PEG3350. Crystals were ﬂash-frozen (25%
ethylene glycol) and served for X-ray diffraction data collection
at 100 K using a Rayonix MX300HE detector and beamline
BL44XU at SPring-8, Harima, Japan. All data were processed with
the HKL-2000 program suite [17] (Table 1). Phases were deter-
mined by molecular replacement (MR) using the program
PHASER [18] with the dimer of aE-catenin as a search model
(PDB ID 1DOV). Models were reﬁned through alternating cycles
of Coot [19], CNS [20] and PHENIX [21] programs to 2.5 Å resolu-
tion. No outliers were ﬂagged in the Ramachandran plots using
MolProbity [22]. The reﬁnement statistics are summarized in
Table 1. Structural superposition was performed using the program
SUPERPOSE [23] and molecular illustrations were prepared using
the program PyMOL (DeLano Scientiﬁc, CA).
Table 1
Data collection and reﬁnement statistics.
Data collection
Space group P31
Cell dimensions
a, b, c (Å) 68.8, 68.8, 208.0
I/rI 46.2 (5.4)
Rmerge 0.062 (0.552)
Resolution (Å) 50.00–2.50 (2.54–2.50)
Completeness (%) 99.5 (100)
Redundancy 5.7 (5.8)
Reﬁnement
Resolution (Å) 45.18–2.50
No. reﬂections 37,854
Rwork/Rfree (%) 21.5/23.4
No. atoms
Protein 6,611
Ligand/ion 82
Water 38
B factor (Å2)
Protein 74.19
Ligand/ion 63.30
Water 64.05
r.m.s. deviations
Bond length (Å) 0.008
Bond angle (deg) 0.920
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The monomeric and dimeric forms of aN- and aE-catenin VH1
domains were separated by SEC. Each fraction was collected and
quickly served for the digestion experiment. Puriﬁed sample of
the VH1 domain (500 lg/ml) and trypsin (0.5 lg/ml) were mixed
in lysis buffer containing 20 mM HEPES–NaOH (pH 7.0) and
300 mM NaCl at 4 C and the reaction was stopped by mixing with
SDS–PAGE sample buffer. Proteins were separated by SDS–PAGE
using a 15% acrylamide gel and then stained with SimplyBlue
SafeStain (Invitrogen). Resultant fragments were analyzed using
MALDI-TOF MS and N-terminal analyses (M492; Applied
Biosystems) for identiﬁcation of the cleavage sites.
2.4. Size exclusion chromatography
The molecular size of the VH1 domain was examined using gel
ﬁltration at 4 C through a Superdex 75 HR 10/30 column (GE
Healthcare Bio-Sciences, USA) with 20 mM HEPES buffer (pH 7.0),
300 mM NaCl and 1 mM DTT. The molecular mass was determined
on thebasis of the elutionvolume fromaplot of log (molecularmass)
of standard proteins, comprising bovine c-globulin (158 kDa),
chicken ovalbumin (44 kDa), equine myoglobin (17 kDa) and
vitamin B-12 (1.4 kDa) (Bio-Rad), versus the elution volume.
2.5. Circular dichroism measurements
CD spectra were recorded on a JASCO J-720 spectropolarimeter
at 20 C. Protein sample solution containing 10 lM protein in
4.0 mMHEPES–NaOH (pH 7.0) and 30 mMNaCl. The mean residual
molar ellipticity [h] of each fragment was calculated for compari-
son. The helicity (H) was calculated using H = [([h]222nm +
2340)/30300]  100.
3. Results and discussion
3.1. Overall structure of the VH1 domain of aN-catenin in the
monomeric free form
Three members of the mammalian a-catenin family, aE
(epithelial)-,aN (neuronal)- andaT (testis and heart)-catenin, share
ahigh sequence identity,with73%of the residuesof theVH1domainbeing identical (Supplementary Fig. S1). However, the equilibrium
between the monomeric and homodimeric forms in solution of the
aforementioned members differ somewhat, with the monomeric
form of aN-catenin being dominant at low temperature [11,16,24],
thereby prompting us to attempt crystallization of the aN-catenin
VH1 domain. We succeeded in crystallizing the VH1 domain
(residues 1–261) at 4 C and determined the crystal structure at
2.5 Å resolution (Table 1). The structure revealed that the VH1
domain exists as amonomer and contains sevena-helices that form
two complete four-helix bundles, A and B, by sharing long a4 helix
(Fig. 1b).
The N-terminal 17 residues gave poor electron density, while
four residues (18–21) were visible and form a short loop connected
to the ﬁrst a1 helix (residues 22–40). This helix is followed by ﬂex-
ible a1–a2 loop, in which residues 42–53 containing a cluster of
positively-charged basic residues were invisible, and the second
a2helix (residues55–81). Thesea-helices associatewith the follow-
ing twoa-helices (a3 anda4), which are thought to be stable helices
formed in both the homodimeric [10–12] and b-catenin-bound
forms [12], to form N-terminal four-helix bundle A, but are absent
in the reported structures of the homodimeric form [10–12]. The
N-terminal end of a1 helix makes direct contacts with a5 helix
and a5–a6 loop from helix bundle B. Among these residues, con-
served Thr23 plays a key role in ﬁxing helix bundle A to B by forming
direct bifurcatedhydrogenbondswithGlu196 froma5helix of helix
bundle B (Fig. 1c). Our structure of the two complete four-helix bun-
dles represents the ﬁrst report of such a case, and is consistent with
the observed circular dichroism (CD) spectra, which shows a high
helix content (85%) of the monomer (Supplementary Fig. S2), sug-
gesting that these four-helix bundles exist in solution. Contrary to
this, the CD spectra also show a lower helix content (70%) of the
dimeric form, suggesting that a1 and a2 helices are partly unfolded
in solution. Interestingly, CD spectra of both the monomeric and
dimeric aE-catenin VH1 domain show much lower helix contents
(60–70%), indicating poor stability of a1 and a2 helices.
3.2. Docking of a1 helix into the groove between a2 and a4 helices
The groove formed by a2 and a4 helices accommodates a1
helix through hydrophobic contacts with nonpolar side chains
from a1 helix (Fig. 1d). Nonpolar residue Ile19 of the N-terminal
loop also contributes to these hydrophobic interactions. Although
these hydrophobic interactions are common in a-helix bundling,
two characteristic features are found in the a1 helix docking.
Firstly, any inter-helical polar interactions such as salt bridges or
hydrogen bonds is not formed in a1 helix, contrasting with other
a-helix bundles which are generally stabilized by such interactions
at the helix surfaces. Secondly, helix bundles usually contain one or
two a-helices possessing a kink of 20 to ensure close packing of
the helix bundles. For example, a5 and a6 helices of helix bundle B
possess helix kinks at Lys185 and Lys214, respectively, and these
contribute to close helix packing within helix bundle B (Fig. 1b).
In sharp contrast to this, the kink produced by Pro30 of a1 helix
results in loose packing of this helix against a2 helix by shifting
the N-terminal half of the helix away from a2 helix. These struc-
tural characteristics suggest greater structural instability of a1
helix in forming helix bundle A, compared with helix bundle B.
Due to the conservation of Pro30 in a-catenins (Supplementary
Fig. S1), the Pro30-induced instability of helix bundle A could be
part of the activation mechanism.
3.3. Blocking of homodimerization by a1 and a2 helices of the
monomeric form
Structural comparison of our monomeric form of aN-catenin
with the reported homodimeric forms of the N-terminal
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overall structural similarity with a relatively small root mean
squares (r.m.s.) deviation (1.6 Å), suggesting that a3–a7 helices
forming the core of helix bundles A and B are structurally rigid
(Fig. 2a). In the dimer, a3 and a4 helices form a new four-helix
bundle with a3 and a4 helices from the other protomer. The asso-
ciation site for the dimerization is completely overlapped with a1
and a2 helices in our monomeric form. Comparison with the dimer
of the N-terminal 81-residue truncated aE-catenin [10] revealed
no local structural deviations (Fig. 2b). The r.m.s. deviation
obtained, however, was larger (3.7 Å), which should be due to
the poor resolution of the aE-catenin structure.a
b
c
Fig. 2. Overlay of the VH1 domain of aN-catenin onto the dimers of aE-catenin. (a)
The VH1 domain of aN-catenin is superimposed onto the dimeric form of the N-
terminal 81-residue truncated VH1 domain of aE-catenin (gray) [12]. Two
protomers (a and b) form a helix bundle with a3 and a4 helices from each
protomer. The overlaid a1 and a2 helices (cyan and magenta, respectively) of the
aN-catenin VH1 domain is overlapped with a3 and a4 helices (green) from the
other protomer. (b) As in a, but with the dimeric form of N-terminal 81-residue
truncated aE-catenin (gray) [10]. (c) SEC analyses of the VH1 domains of aN-
catenin. Truncation of the N-terminal by 54 or 80 residues stabilized the dimeric
form. The VH1 domain with a 54-residue truncation lacks a1 helix, and the 80-
residue truncation lacks a1 and a2 helices.As expected from the structure, removal of both a1 and a2
helices by truncation of the N-terminal 80 residues of the
aN-catenin VH1 domain induced dimerization under our condi-
tions, whereas the non-truncated VH1 domain forms a monomer
(Fig. 2c). Interestingly, truncation of the N-terminal 54 residues,
by removal of a1 helix, also induced dimerization under our condi-
tions, indicating that completion of the four-helix bundle structure
by association of both a1 and a2 helices with stable a3 and a4
helices is cooperative, and removal a1 helix induces destabiliza-
tion of a2 helix docking and produces an accessible binding site
for b-catenin by partially exposing the hydrophobic groove.
3.4. Stability of a1 and a2 helices in solution
The structural stability of helix bundle A and the conforma-
tional dynamics of a1 and a2 helices of the VH1 domain in solution
were examined by partial digestion experiments with trypsin. The
N-terminal residues of the aN-catenin VH1 domain showed resis-
tance against trypsin digestion in the monomeric form, but was
much more sensitive in the dimeric form (Fig. 3a). The cleavage
sites were mapped at the N- and C-terminal regions of a2 helix
(Supplementary Fig. S3) based on analyses of the bands at
25 kDa, 20 kDa and 19 kDa (A, B and C, respectively, in
Fig. 3a). The protein assigned to band A (cleaved at Lys56) only
lacks a1 helix, while those assigned to bands B (Lys74) and C
(Lys80) lack both a1 and a2 helices. Like aN-catenin, the mono-
meric form of the aE-catenin VH1 domain was found to exhibit
some resistance against protease attack, unlike the dimeric form
(Fig. 3b), whereas protease susceptibility in both forms was greater
than that exhibited by both forms of aN-catenin.
3.5. a1 helix of the monomeric form overlapped with the bound
b-catenin helix of the b-catenin-bound forms
Our monomeric form of the aE-catenin VH1 domain is a free
form, which is interesting to be compared with the reporteda
b
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Fig. 3. Stability of N-terminal residues of the VH1 domain of a-catenin and the
effect on monomer–dimer equilibrium. (a) Trypsin digestion of the VH1 domain of
aN-catenin in the dimeric (right) or monomeric (left) forms was monitored from 0
to 24 h. The bands at 30 kDa represent the intact VH1 domain (black arrow heads),
while the bands at 23 kDa, 19 kDa and 17 kDa (indicated by green arrow heads A, B
and C, respectively) represent the 56-, 74- and 80-residue truncated VH1 domains.
The 23 kDa band lacks a1 helix, and the 19 kDa and 17 kDa bands lack both a1 and
a2 helices (Supplementary Fig. S3). (b) As in a, but with the VH1 domain of aE-
catenin.
Fig. 4. Overlay of the current VH1 domain of aN-catenin onto the monomer of a-
catenin complexed with b-catenin. (a) The VH1 domain of aN-catenin (a1 helix in
cyan, a2 helix in magenta and a3–a7 helices in blue) is superimposed onto b-a-
chimera formed between the N-terminal truncated VH1 domain (residues 57–264)
of aE-catenin (a2a–a3a helices and the N-terminal half of a4a helix in gray and the
C-terminal half of a4a helix and a5a–a7a helices in black) and the a-catenin-
binding region (118–151) of b-catenin. Residues 121–141 of b-catenin forms aIIb
helix (in green) [12]. The a1 and a2 helices of aN-catenin are well overlapped with
aIIb helix of b-catenin and a2a helix of aE-catenin, respectively. (b) As in a, but with
the complex between aN-catenin (residues 18–264) and b-catenin (78–151) [16].
The b-catenin fragment forms two a-helices, short aIb (85–98) and longer aIIb
(120–141), and their connecting aIb–aIIb loop (99–119). aIb packs against the side
of helix bundle A and aIIb helix completes helix bundle A. aIb helix and the
connecting loop contact helix bundle B. The Color codes are as in a, with b-catenin
aIb and aIIb helices (green). Helices of aN-catenin in the complex are labeled a1a,
a2a, a3a and so on, and a1a is colored yellow. a1a helix packs against aIb and a4a
helices. Although helices of helix bundle B are shifted, a1 (cyan) and a2 (magenta)
helices of aN-catenin of our free form are well overlapped with aIIb helix of b-
catenin and a2a helix of aN-catenin of the complex form, respectively. (c) As in b,
but rotated by 90 around the horizontal axis. Remarkably, a1a helix (yellow) of
aN-catenin in the complex is shifted from the position of a1 helix of the free form
and is associated with aIb helix of b-catenin, which has no overlap with any part of
aN-catenin of the free form. In the complex, aIa helix of aN-catenin may contribute
to stabilization of b-catenin binding by direct association against aIb helix of b-
catenin and a4a helix of aN-catenin.
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fusion protein (b-a-chimera) of the N-truncated aE-catenin
VH1 domain (residues 57–264) and the b-catenin peptide (resi-
dues 118–151) [12] showed close overlap of overall structures
with a relatively small r.m.s. deviation (2.1 Å) and no signiﬁcant
structural changes in helix bundle B or in stable a3 and a4
helices of helix bundle A (Fig. 4a). Interestingly, a1 helix of
the monomeric free form is roughly overlapped with the bound
b-catenin helix (aIIb in Fig. 4a) of the b-a-chimera form. Unlike
a1 helix, the bound b-catenin aIIb helix possesses a kink (at
Pro128) that orients the N-terminal two turns of the helix
toward the binding groove to facilitate tight helix packing.
The recently reported structure of the aN-b-catenin complex
showed that the bound b-catenin fragment forms two a-helices,
short aIb and longer aIIb helices, with their long connecting loop
(Fig. 4b). Structural comparison with the aN-b-catenin complex
[16] revealed an unexpected large subdomain movement, while
each helix bundle A or B is superimposed closely. When helix
bundles A of our free form and the aN-b-catenin complex were
superimposed, helix bundle B of the aN-b-catenin is tilted by
60 to avoid steric clash with the extra aIb helix and the
extended long connecting loop of b-catenin (black arrow in
Fig. 4b), as previously discussed [16]. This tilt is induced mainly
by bending of a4 helix at Leu149, which is located near the junc-
tion between helix bundles A and B. As seen in the comparison
with b-a-chimera, a1 helix of our free form is overlapped on
the bound b-catenin aIIb helix, which completes the four-helix
bundle by packing against a2a and a4a helices nonpolar residues
but has no apparent overall sequence homology with a1 helix of
a-catenin. On b-catenin binding, a1 helix of aN-catenin moves
away from the a1 helix position in the free form to dock into
the newly-formed groove between aIb helix of b-catenin and
a4 helix of aN-catenin (Fig. 4c). Thus, a1 helix in the
N-terminal ﬂexible region is already present prior to complex for-
mation with b-catenin, and exhibits conformational dynamics on
b-catenin binding, which could be important in regulating forma-
tion of the linkage between a- and b-catenins.
3.6. Key residues for a1 helix incorporation within helix bundle A
In an effort to determine which part of the N-terminal segment
is essential for stabilization of a1 and a2 helices to complete
four-helix bundle A and suppress dimerization, our attention was
drawn to conserved residue Ile19, which is located at the
N-terminal end of the loop. This residue makes nonpolar contacts
with Leu138 and Ile139 from a4 helix and Val24 from a2 helix
(Fig. 1d), and we speculated that Ile19 may contribute toward sta-
bilization of a1 helix docking. Consistent with our speculation, the
I19D mutation induced an increase in the dimer fraction by up to
60% (Fig. 5a). Moreover, truncation of 19 N-terminal residues
reduced the stability of the monomer, and resulted in a marked
increase in dimer fraction (Fig. 5b). Thus, Ile19 appears to play a
role as a hook that fastens the N-terminal end of a1 helix to the
rest of helix bundle A.
Our protease digestion experiments and CD spectra data sug-
gested that the conformational ﬂexibility of the N-terminal seg-
ment of aN-catenin is much lower than that of aE-catenin. This
difference may not be caused by Ile19, since it is conserved in all
subtypes of a-catenins. In fact, the sequence identity of seg-
ments containing a1 helix is high (Supplementary Fig. S1). Our
sequence alignments highlight Thr23 at the N-terminal end of
a1 helix. This residue is conserved in aN-catenins, but not in
aE-catenins which have an Ala residue at this position. In our
structure, Thr23 plays a key role in ﬁxing helix bundle B to A
by forming bifurcated hydrogen bonds with Glu196 from a5helix (Fig. 1c). We found that T23A mutation of the I19D mutant
(yielding the I19D/T23A double-mutant) enhanced dimer stabil-
ity and resulted in an increase in the dimer fraction by up to
80% (Fig. 5c), indicating that this residue contributes toward sta-
bilization of the N-terminal residues and may partly account for
the greater stability of aN-catenin compared with that of
aE-catenin.
Fig. 5. The N-terminal Ile19 and Thr23 residues affect the dimer–monomer
equilibrium of the VH1 domain of aN-catenin. (a) SEC analyses of the VH1 domains
of aN-catenin show that the I19D mutation induces dimer formation. (b) As in a,
but with the N-terminal 19 residue truncation, which induces dimer formation. (c)
As in a, but with the I19D/T23A double-mutant VH1 domain of aN-catenin, which
enhances dimer formation greater than the single I19D mutation.
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We have determined the structure of the monomeric free form
of the aN-catenin VH1 domain and revealed that the N-terminal
residues form two a-helices (a1 and a2) to complete formation
of N-terminal four-helix bundle A. The overlapped binding sites
for a1 helix and b-catenin suggested that formation of the hetero-
dimer with b-catenin is accompanied by movement of conforma-
tionally ﬂexible a1 helix from the helix bundle to produce new
contacts with b-catenin. In the monomeric aN-catenin VH1
domain, a1 helix is stabilized by Thr23, which is not conserved
in aE-catenin. Interestingly, aE- and aN-catenins show very differ-
ent dimerization kinetics, with aN-catenin equilibrating muchfaster than aE-catenin and readily dissociating to interact with
b-catenin [16]. We speculate that this difference may result from
differences in a1 helix stability: the a1 helix of aN-catenin is
already present in the dimeric form and ready to stabilize
b-catenin binding to form the a-b heterodimer. The N-terminal
ﬂexible 18 residues include a stretch of nonpolar residues, imply-
ing an intermolecular interaction site that may be important for
unknown a-catenin functionality. Additionally, the long ﬂexible
loop between a1 and a2 helices contains an Arg/Lys cluster, which
may potentially interact with a negatively-charged binding part-
ner. Further studies are required to investigate these possibilities
in an effort to further our understanding of the functions facilitated
by the characteristic N-terminal residues of a-catenin.
PDB references
Free form of the aN-catenin VH1 domain: 4P9T.
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